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(54) Micro-emulsions. 

(57) A bicontinuous microemulsion which comprises (i) a first phase comprising a more polar liquid as 
herein defined, (ii) a second phase comprising a polymerisable oil as herein defined and (iii) an 
addition-polymerisable surfactant, solid/liquid compositions prepared from the microemulsion and 
composites prepared from the compositions. 
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The present invention relates to microemulsions, particularly bicontinuous microemulsions, solid products 
prepared therefrom and to the preparation of such microemulsions and solid products. 

It is known that a combination of both a water-immiscible organic liquid (hereinafter referred to for conve- 
nience as "oil") and an aqueous liquid can be mixed in the presence of one or more surfactants such that an 
s optically clear, optically isotropic liquid is formed. Such a liquid is known in the art as a "microemulsion". 

Amicroemulsion can be distinguished from conventional emulsions by its optical clarity, low viscosity, small 
domain size and thermodynamic stability. Three types of microemulsions are known, namely oil-in-water, wa- 
ter-in-oil and bicontinuous microemulsions. In bicontinuous microemulsions, the oil forms a first continuous 
phase, the water forms a second continuous phase and the phases are intermingled such that the properties 
10 hereinbefore ascribed to a microemulsion are observed. 

In our European Patent Specification 0,449,450 we describe microemulsions wherein both the oil and the 
surfactant bear addition-polymerisable groups and solid products derived therefrom. 

It has been suggested (Lattes et al, Colloids and Surfaces 1 989, 3^ 221-235) thatformamide may be used 
instead of water in certain microemulsions. 
15 We have now prepared bicontinuous microemulsions which comprise an addition-polymerisable first or- 
ganic liquid (hereinafter referred to for convenience as "polymerisable oil"), a second organic liquid which is 
more polar than and immiscible and non-polymerisable with the polymerisable oil (hereinafter referred to for 
convenience as "more polar liquid") and an addition-polymerisable surfactant and found that such microemul- 
sions can be converted into solid products wherein the continuous solid phase comprises the polymerised oil 
20 and wherein the more polar liquid is present as a continuous liquid phase. 

According to a first aspect of the present invention there is provided a bicontinuous microemulsion which 
comprises (i) a first phase comprising a more polar liquid as hereinbefore defined, (ii) a second phase com- 
prising a polymerisable oil as hereinbefore defined and (iii) an addition-polymerisable surfactant 
The more polar liquid should have the following properties: 
25 (i) a high polarity (high dielectric constant), 

(ii) a high solvating power and 

(iii) be highly structured. 

As examples of suitable more polar liquids may be mentioned inter alia alcohols, e.g. n-butanol, n-propanol 
or preferably polyols, e.g. ethylene glycol, glycerol or more preferably amides, e.g. formamide. 
30 As examples of suitable polymerisable oils may be mentioned inter alia unsaturated hydrocarbons, e.g. 
styrene; halo-compounds, e.g. vinyl chloride; or preferably alkyl esters of (alk)acrylates, e.g. n-butyl metha- 
crylate, unsaturated urethanes, e.g. Modar ((RTM), ex ICI); unsaturated polyesters; or aromatic/aldehyde oli- 
gomers with addition-polymerisable unsaturated end groups as are more fully described in our European Pa- 
tent Specification No 0,112,650, e.g. derived from diphenyl oxide, formaldehyde and methacrylic acid, i.e. me- 
35 thacrylate-CH 2 (Ar-CH 2 ) n -methacrylate wherein Ar represents PhOPh where Ph represents phenylene. 

As examples of suitable addition-polymerisable surfactants may be mentioned inter alia non-ionic, or ionic, 
i.e. anionic or cationic, surfactants, for example quaternary ammonium compounds, or tertiary amine salts, 
e.g. 



40 



45 



N+ 



Where the cationic surfactant is a quaternary ammonium compound it is preferably present as the salt of 
a hydrohalic acid. 

The addition-polymerisable group on the surfactant is preferably an (alk)acrylate, more preferably a me- 
thacrylate but we do not exclude the possibility that it may be derived from an olef inic group, e.g. an alkene 
so or styrene. 

Where the surfactant is cationic, the addition-polymerisable group on the surfactant may be present ad- 
jacent the cation, although it is often preferred that it is distant therefrom. 
It is often preferred that the surfactant has the General Formula I 

55 i 
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R3 .Rl 
\ / 

N+ X- (I) 

wherein 

X" is a suitable counter-ion; 

R 1 and R 2 , which may be the same or different, are carbon groups; 
10 R3 and R 4 , which may be the same or different, are C^o carbon groups; 

with the proviso that at least one of R 1 , R 2 , R 3 and R 4 bears an addition-polymerisable group. 

X" is preferably an inorganic anion, particularly preferably a halide and more particularly preferably bro- 
mide. 

Preferably both R 1 and R 2 are methyl. 
15 Preferably R 3 is a chain of C 3 -C 15 , carbon atoms. 

It is often preferred that R 4 is a chain of about eleven carbon atoms bearing an addition-polymerisable 
group, e.g. a methacrylate. 

The addition-polymerisable surfactant will be chosen in the light of inter alia the nature, particularly hy- 
drophobicity, of the polymerisable oil and the more polar liquid. For example, as the polarity of the polymeris- 
20 able oil is decreased the hydrophobicity of the surfactant can often be increased. We have found that the fol- 
lowing combinations of polymerisable oil and surfactant may be used, particularly where the more polar liquid 
is for example form amide. 



25 



30 



40 



Surfactant Polymerisable Oil 



CH 3 (CH 2 )n 

N + Br~ t-butyl methacrylate 
/ ^ 

CH 2 «C(CH 3 )C0 2 (CH 2 )n CH 3 



35 CH 3 (CH 2 ) 7 / CH 3 



'N + Br~ ethyl methacrylate 



45 



CH 2 -C(CH3)C0 2 (CH 2 )ii CH 3 



CH 3 (CH 2 )n .CH 3 

N + Br* styrene 

/ \ 

CH 2 -C(CH 3 )C0 2 (CH 2 )n CH 3 



In the micro-emulsion of the present invention the concentrations of the components are typically as fol- 



50 


lows, expressed as % w/w: 






more polar liquid 


5-50 




polymerisable oil 


10-30 


55 


polymeriable surfactant 


25-70 



wherein the combined % w/w*s are substantially 100%. 
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15 



Whereas we do not exclude the possibility that the poly mens able oil and the addition-polymerisable sur- 
factant may separately homopolymerise, it is preferred that they are copolymerisable. 

Typically a major portion (i.e. more than 50%) of the surfactant in the bicontinuous microemulsion is poly- 
merisable. Whereas we do not exclude the possibility that, in addition to the polymerisable surfactant, a further 
surfactant which is non-polymerisable, e.g. (C^H^kN^CHakBr, may be present, this is not preferred. 

The skilled man will be able to determine appropriate ratios for the components in the bicontinuous mi- 
croemulsion by simple experiment. For example, in a bicontinuous microemulsion according to the present in- 
vention wherein the polymerisable oil is butyl methacryiate, the more polar liquid is formamide and the sur- 
factant is 

CH 3 (CH 2 )ii CE 3 

\ / Br- 
N+ 

CH2-C(CH 3 )C02(CH 2 )ll ^ CH 3 



suitable compositions which may be polymerised to form a bicontinuous solid are illustrated in Figure 1 of the 
drawings appended hereto. 

20 Whereas we do not exclude the possibility that the more polar liquid in the bicontinuous microemulsion 
according to the present invention may be a neat liquid, it is often preferred that it is a solution of a solute in 
a suitable solvent, which solute may be a liquid or solid. 

Where the more polar liquid is a solution a suitable concentration of the solute therein for a particular ap- 
plication may be found by the skilled man by simple experiment. 

25 Where a solute is present in the bicontinuous microemulsion it may be chemically reactive, e.g. water-sen- 
sitive. As examples of such water-sensitive solutes may be mentioned inter alia metal alkoxides, e.g. titanium 
tetra-isopropoxide, aluminium tri-isopropoxide and metal alky Is. 

The bicontinuous microemulsion according to the present invention may be polymerised by methods 
known in the addition-polymerisation art, e.g. by reaction with a suitable free radical initiator such that a solid 

30 composition is produced. For example, it may be polymerised by reaction with azodiisobutyronitrile (AD IB), a 
suitable peroxide, e.g. a room-temperature curing peroxide, or a photo-initiator, as is more fully described here- 
inafter. 

According to a second aspect of the present invention there is provided a solid composition comprising a 
continuous solid phase and a continuous liquid phase which composition appears transparent to the naked 
35 eye characterised in that the continuous liquid phase comprises a more polar liquid as hereinbefore defined. 

The continuity of the continuous liquid phase in the solid composition of the present invention may be dem- 
onstrated by determining the electrical conductivity of the solid composition. 

The size of the liquid particles in the continuous liquid phase in a solid composition according to the present 
invention (and hence of the pores prepared by removal of the continuous liquid phase therefrom) is substan- 
40 tially uniform. We have found by transmission electron microscopy that a uniform pore size of typically between 
2 nm and 50 nm can be obtained. By choice of inter alia a suitable polymerisable oil, more polar liquid and 
relative proportions thereof the skilled man, by simple experiment, will be able to prepare a solid composition 
having a desired pore size. 

The continuity of the continuous solid phase in the solid composition of the present invention may be dem- 
45 onstrated by methods known in the art, for example mechanical tests methods, e.g. tensile tests. 

The continuous solid phase in the solid composition may be rigid, e.g. a polymer below its Tg or cross- 
linked; or soft or rubbery, e.g. a polymer above its Tg. By choice of inter alia a suitable polymerisable oil, more 
polar liquid and relative proportions thereof the skilled man, by simple experiment, will be able to prepare a 
solid composition having desired rigidity/flexibility. 
so it will be appreciated that the tendency for the more polar liquid to evaporate from the solid composition 
according to the second aspect of the present invention will depend on inter alia the vapour pressure of that 
liquid and the porosity of the solid composition. Accordingly, by choice of a suitable more polar liquid the rate 
at which evaporation thereof from the solid composition may be controlled or even prevented. Where it is de- 
sired to retain the more polar liquid in the liquid phase of the solid composition, the solid composition may be 
55 treated, for example kept in a suitable environment, e.g. immersed in that liquid, or coated with a suitable im- 
permeable coating, e.g. a polymer. 

Where it is desired to remove the more polar liquid from the liquid phase of the solid composition according 
to the present invention such removal may be accelerated by the application of a vacuum thereto or by treat- 
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ment of the solid composition with a solvent for the more polar liquid. 

Solid compositions according to the present invention are useful in separation processes, e.g. reverse os- 
mosis and purification of proteins, or in processes requiring controlled permeability, e.g. sustained release of 
drugs or insecticides. 

5 The method according to the present invention as hereinafter defined is useful in the preparation of trans- 
parent polymeric solids containing very fine particles of inorganic solids dispersed therein, e.g. titanium oxide, 
aluminium oxide, copper sulyhide or metals. 

The solid composition according to the second aspect of the present invention may contain a chemically 
reactive substance. Furthermore, we have found that where a chemically reactive substance is present it may 

10 be reacted with a suitable reagent to produce very fine particles in situ. As examples of chemical reactions 
which the chemically active substance may undergo may be mentioned inter alia oxidation, reduction, meta- 
thesis, reaction with a protic liquid, e.g. hydrolysis or alcohotysis, or photolysis. 

Where the solid composition according to the second aspect of the present invention contains a chemically 
reactive substance it is preferably prepared by the polymerisation of a bicontinuous microemulsion according 

15 to the first aspect of the present invention wherein the chemically reactive substance is present, eg in solution, 
in the polymerlsable oil or preferably in the more polar liquid. However, we do not exclude the possibility that 
the chemically reactive substance may be infused, for example in solution, into a pre-prepared solid compo- 
sition according to the second aspect of the present invention, or into a dried solid prepared by removing the 
continuous liquid phase from a solid composition according to the present invention, or into a solid composition 

20 described in our aforementioned EP 0,449,450. 

As examples of suitable chemically reactive substances may be mentioned inter alia alkyls, alkoxides, 
salts. For example, an alkoxide or an alkyl could be reacted with water and an alcohol respectively to prepare 
particles of an oxide or alkoxide in situ; a salt could be reacted metathetically. 

We have found that the size and/or crystallinity of the particles prepared in situ from the chemically reactive 

25 substance is restricted by inter alia the size of the pores in the solid composition according to the second aspect 
of the present invention. The size of the particles of a particular material so prepared is often smaller than 
that obtainable by conventional preparative techniques for preparing such particles, eg precipitation from sol- 
ution. The crystallinity of the particles prepared in situ may be reduced or even eliminated. For example, we 
have prepared non-crystalline copper sulphide. 

30 We have found that the particles may be sufficiently small such that they do not unduly reduce the trans- 
parency of the composition. For example, we have prepared a composite containing titanium dioxide particles 
dispersed in polymethyl methacrylate which, after removal of the continuous liquid phase, is transparent to 
the naked eye but absorbs UV radiation. 

Furthermore, the particles prepared in situ from the chemically active substance tend to be of uniform 

35 size. 

Typically that size is between 2 nm and 50 nm depending on the dimension of the pores in which they are 
prepared. 

A composite containing ultra-fine metallic particles, eg gold, could be prepared by this process. Such met- 
al-containing composites tend to have commercially useful electrical conductivities. 
40 According to the present invention there is provided a composite comprising an organic polymer matrix 
and inorganic or metallic particles dispersed therein characterised in that the particles are present in contin- 
uous pores in the matrix. 

According to a further aspect of the present invention there is provided a composite prepared by reacting 
a chemically reactive substance in the liquid phase of the solid composition according to the second aspect 
45 of the present invention with a suitable reagent. 

According to a yet further aspect of the present invention there is provided a method for preparing a solid 
composition according to the second aspect of the present invention by treating a bicontinuous microemulsion 
according to the first aspect of the present invention with an addition-polymerisation catalyst under polymer- 
isation conditions therefor. 

so it will be appreciated that in the preparation of a solid composition according to the second aspect of the 
present invention by the method according to the yet further aspect of the present invention, (A) the reaction 
conditions will be chosen such thatthe configuration of the bicontinuous microemulsion is retained during the 
process and (B) a polymerisable oil will be used which is capable of producing a polymerised product which 
has desired mechanical properties , for example a Tg above room temperature oris cross-linked with a suitable 

55 monomer in the bicontinuous microemulsion used in the method to afford a rigid product. 

Where a photo-initiator composition is used in the method according to the yet further aspect of the present 
invention it generates free-radicals on exposure to a source of electro-magnetic radiation which act as initiators 
for the addition polymerisation of both the polymerisable oil and the one or more addition-polymerisable sur- 

5 
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factants and preferably for the copolymerisation thereof. 

The photo-initiator composition, where it is used, may consist of a single compound or it may comprise at 
least two components. Typically, it comprises any of t he known photo-initiator systems which are used to init iate 
addition-polymerisation of polymerisable olef inically unsaturated monomers. As examples of such composi- 

5 tions may be mentioned inter alia (a) mixtures of Michler's ketone and benzii or preferably benzophenone, typ- 
ically in a weight ratio of about 1 :4; (b) the coumarin-based photo-initiator systems described in US 4,289,844, 
(c) combinations of hexaarylbisimidzoles and leuco dyes, (d) cyciohexadiene-teuco dye systems described in 
US 4,241 ,869, or (e) systems based on dimethoxyphenyiacetophenone (benzii dimethyl ketal) and/or diethox- 
yacetophenone or (f) preferably mixtures of amines and ketones as disclosed in our UK Patent Specifications 

10 Nos 1,408,265 and 1,494,903, e.g. camphorquinone, flurenone or morpholine and N.N-dimethylaminoethyl 
methacrylate, typically in a weight ratio of about 1 :1 ; or (g) more preferably mixtures of a light-sensitive initiator 
system and a peroxide, for example an a-diketone, a reducing agent capable of reducing the ketone when the 
latter is in an excited state, e.g. an organic amine, and a peroxide, as disclosed in our European Patent Spec- 
ifications Nos 0,059,649, and 0,090,493, the disclosures in which are incorporated herein by way of reference. 

15 The ketone may, for example, be present in the microemulsion in the concentration 0.1% to 2% by weight 
of the polymerisable material in the composition although concentrations outside this range may be used if 
desired. Preferably the a-diketone is present in a concentration of 0.1% to 1% by weight of the ethyienically 
unsaturated materials in the composition. 

The ketones should be soluble in the polymerisable material, and the above concentrations refer to solution 

20 concentrations. 

The reducing agent is preferably present in the composition in concentrations in the range 0.01% to 2% 
by weight of the polymerisable material although concentrations outside this range may be used if desired. 

Organic peroxides suitable for use in the method according to the yet further aspect of the present inven- 
tion include those having the formula R^O-O-R 2 in which the groups R 2 which may be the same or different, 
25 are hydrogen, alkyl, aryl, or acyl groups, no more than one of the groups R 2 being hydrogen. The term acyl 
means groups having the formula R n -CO- in which R n is an alkyl, aryl, alkoxy or aryioxy group. The terms alkyl 
and aryl include substituted alkyl and aryl. 

Examples of organic peroxides suitable for use in the method of the present invention include diacetyl per- 
oxide, dibenzoyl peroxide, ditertiary butyl peroxide, dilauroyi peroxide, tertiary-butyl perbenzoate, ditertiary- 
30 butyl-cyclohexyl perdicarbonate. 

The organic peroxide may be, for example, present in the microemlusion in the range 0.1% to 20%, pre- 
ferably 0.5% to 5%, by weight of the polymerisable material in the microemulsion although concentrations out- 
side this range may be used if desired. 

The reactivity of a peroxide is often measured in terms of its half-life temperature, i.e. within ten hours at 
35 that temperature half of the oxygen has been made available. 

The peroxides used in the method according to the present invention preferably have ten-hour half-life 
temperatures of less than 150°C, more preferably less than 110°C. 

A preferred photo-initiator composition comprises camphorquinone, N.N'-dimethylarninoethyt methacry- 
late and tert-butyi perbenzoate, preferably in the weight ratio about 1:1:1. 
40 Bicontinuous microemulsions according to the first aspect of the present invention are further illustrated 
by reference to the drawings appended hereto which show, by way of example only, a three-phase diagram 
for the concentrations of more polar liquid, polymerisable oil and add it ion- polymerisable surfactant for a certain 
microemulsion. 

In Figure 1 , the polymerisable oil is butyl methacrylate, the more polar liquid isformamtde and the addition- 
45 polymerisable surfactant is methacryloyloxyundecyl-dodecyl-dimethylammonium bromide. 

In Figure 2, the polymerisable oil is styrene, the more polar liquid is formamide and the addition-polymer- 
isable surfactant is methacryloyloxyundecyl-dodecyl-diethylammonium bromide. 

The hatched zones 1 of Figures 1 and 2 Indicate the range of concentrations of certain bicontinuous mi- 
croemulsions which we have polymerised to form solid compositions according to the second aspect of the 
so present Invention. 

The present invention is further illustrated by reference to the following Examples. 

Example 1 

55 This Example illustrates a solid composition according to the second aspect of the present invention. 

A bicontinuous microemulsion consisting of formamide (20% w/w), distilled monomers (40% w/w; n-butyi 
methacrylate and diethylene methacrylate in weight ratio 19:1), copolymerisable surfactant 

6 
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CH 2 - C(CH3)C02(CH2)ll CH3 

\ / 

Br- (40Z w/w) and 

5 CH 3 (CH2)ii CH3 

and a photocuring catalyst system consisting of camphor quinone (0.75% w/w, on monomer) and dimethyla- 
minoethyl methacrylate (0.75% w/w, on monomer) in a glass vial were exposed to electromagnetic radiation 
10 of 470nm from a cold light source (Schott Model KL 1 500) with emission of 20 M Lux for 1 5 minutes at 20°C. 
The product was an optically clear solid material. 

Example 2 

15 This Example illustrates a further solid composition according to the second aspect of the present inven- 
tion. 

A bicontinuous microemulsion consisting of form amide (20% w/w), distilled monomers (40% w/w; styrene 
and divinyl-benzene in weight ratio of 39:1), copolymerisable surfactant used in Example 1 (40% w/w). 
and catalyst a-azo-iso-butyronitrile (1% on monomer) in a glass vial was heated at 85°C for 24 hours. 
20 The product was an optically clear solid material. 

Example 3 

This Example illustrates a composite according to the present invention. 
25 A bicontinuous microemulsion containing the following components (% w/w) 





distilled styrene (10% w/w divinyl benzene) 


64.5 




surfactant used in Example 1 


19.3 


30 


dried formamide 


12.9 




titanium IV iso-propoxide 


3.3 



was heated in a sealed glass reactor at 80°C for two hours. A clear glassy polymer was produced. 

A sample of the clear glassy polymer was soaked for 24 hours in a mixture of water and formamide (50:50 
by volume), a clear glassy polymer was obtained containing titanium dioxide particles (from hydrolysis of the 
titanium IV iso-propoxide), dispersed in the continuous pores in the polymer. 

Examples 4-7 

These Examples illustrate composites according to the present invention. 

A sample of the solid composition prepared in Example 1 was immersed in titanium (IV) isopropoxide, eith- 
er neat or in solution as shown in Table 1 , for 24 hours. The sample was then immersed in water or a water/et ha- 
nol mixture, as shown in Table 1 , to hydrolyse the isopropoxide which had infused into the sample. 

The products were optically transparent. Transmission electron microscopy confirmed that the size of the 
precipitated titanium dioxide particles was confined by the dimensions of the pores in the solid composition. 



TABLE 1 



Example 


Treatment with Ti(IV) i-propoxlde 


Treatment with protic solvent 


4 


Neat 


Water/EtOH 


5 


EtOH soln 


water/EtOH 


6 


Neat 


Water 


7 


EtOH soln 


Water 
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Example 8 

This Example illustrates a further composite according to the present invention. 

A sample of the solid composition prepared in Example 1 was immersed in a 0.5M copper perchlorate sol- 
5 ution for 24 hours. The solid composition containing the infused copper perchlorate was then immersed in a 
solution of sodium sulyhide. Copper sutyhide particles precipitated. 

The size of the precipitated copper sulphide particles was confined by the dimensions of the pores in the 
solid composition. 

X-ray absorption spectroscopy showed that the particles of copper sulyhide were non-crystalline and were 
w significantly different from known copper sulphide particles prepared conventionally. In the non-crystalline 
copper sulyhide, the immediate co-ordination number is significantly different and there is a higher proportion 
of short copper-sulyhide contacts due to an increase in the proportion of three co-ordinate copper atoms in 
the copper sulphide. 

15 Example 9 

This Example illustrates a metal-containing composite according to the present invention. 

A sample of the solid composition prepared in Example 1 was immersed in an aqueous solution of chlor- 
olauric acid (0.5 mmol.dm 3 ). The gold solution was allowed to diffuse into the solid composition for 24 hours, 
20 the solid composition became yellow/orange in colour. 

The yellow/orange sample was then exposed to UV radiation (Spectronics lamp; intensity 9000 nw/cm 2 ) 
for 6 hours to reduce the metal cation complex to metal [the method of Kanjiro Toricoe and Kunio Esumi (Lang- 
muir, 1992, Vol 8, 59-63)]. 

The sample became red and the presence of precipitated gold particles was confirmed by UV spectro- 
25 scopy; the absorption peak shifted from 320 nm (complex) to 540 nm (gold). 

Claims 

30 1. A bicontinuous microemulsion which comprises (i) a first phase comprising a more polar liquid as herein 
defined, (ii) a second phase comprising a polymerisable oil as herein defined and (iii) an addition-poly- 
merisable surfactant 

2. A bicontinuous microemulsion as claimed in Claim 1 wherein the more polar liquid is a polyol. 

35 

3. A bicontinuous microemulsion as claimed in Claim 1 wherein the more polar liquid is an amide. 

4. A bicontinuous micremulsion as claimed in Claim 3 wherein the amide is formamide. 

5. A bicontinuous micremulsion as claimed in Claim 1 wherein the polymerisable oil is an alky I ester of on 
40 an (alk)acrylate. 

6. A bicontinuous microemulsion as claimed in Claim 1 wherein the addition-polymerisable surfactant Is an 
(alk)acryiate. 

45 7. A bicontinuous microemulsion as claimed in Claim 1 wherein the more polar liquid is formamide and the 
polymerisable surfactant and the polymerisable oil are chosen from the following combinations: 



50 



55 
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Surfactant Polymer isable Oil 



CH3(CH2>11^ CH 3 

N + Br" t-butyl methacrylate 

CH 2 -C(CH3)C0 2 (CH2)ll / X CH 3 



CH 3 (CH 2 )7 V CH3 

N+ ^ Br- ethyl methacrylate 
/ \ 

CH2-C(CH 3 )C02(CH2)ll CH 3 



CH 3 (CH 2 )n ^CH 3 

N + Br~ styrene 

CH 2 -C(CH 3 )C0 2(CH2)ll CH 3 

8. A bicontinuous microemulsion as claimed in Claim 1 wherein the concentrations of the components, ex- 
pressed as %w/w: 

more polar liquid 5-50 
polymerisable oil 10-30 
polymerisable surfactant 25-70. 

9. A bicontinuous microemulsion as claimed in Claim 1 wherein the more polar liquid is a solution of a solute 
in a suitable solvent. 

10. A bicontinuous microemulsion as claimed in Claim 9 wherein the solute is chemically reactive. 

11. A solid composition comprising a continuous solid phase and a continuous liquid phase which appears 
transparent to the naked eye characterised in that the continuous liquid phase comprises a more polar 
liquid as herein defined. 

12. A solid composition as claimed in Claim 11 wherein the more polar liquid is a polyol. 

13. A solid composition as claimed in Claim 12 wherein the more polar liquid is an amide. 

14. A solid composition as claimed in Claim 13 wherein the amide is formamide 

15. A solid composition as claimed in Claim 11 wherein the continuous solid phase is a poly(alk)acrylate. 

16. Asolid composition as claimed in Claim 11 wherein the more polar liquid is a solution of a solute in a suit- 
able solvent 

17. A solid composition as claimed in Claim 16 wherein the solute is chemically reactive. 

18. A composite comprising an organic polymer matrix and inorganic or metallic particles dispersed therein 
characterised in that the particles are present in continuous pores in the matrix. 

19. A composite comprising an organic polymer matrix and inorganic or metallic particles dispersed therein 
prepared by 

a) chemically reacting the chemically reactive solute in the solid composition claimed in Claim 17 with 
a suitable reagent; and 

b) removing the more polar liquid therefrom. 
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A composite as claimed in Claim 18 or 19 which is optically clear and comprises ultra-fine inorganic par- 
ticles dispersed in the continuous solid phase. 

A composite as claimed in Claim 20 wherein the continuous solid phase is a poly (alk)acrylate. 

A composite as claimed in Claim 20 wherein the ultra-fine inorganic particles are titanium dioxide or iron 
oxide. 

An electrically conducting composite as claimed in Claim 18 or 19 containing deposited metallic particles. 
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MORE POLAR LIQUID (%w/w) 
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